Abstracfi Spectro-temporal influence on N 1-P2 evoked potential thresholds was investigated by manipulating the stimulus risdfall and plateau time and the stimulus type. Thresholds were estimated for two stimulustypes (1000-Hztones, gaussiao noise bursts) and four temporal conditions to compare the effects of rise/fall (2, 16 ins), plateau (4, 32 ins), and total energybased duration. Both physiological and behavioral threshold estimates were measured for each stimulus condition. Results showed that N1 -P2 and bchaviod thresholds decreased with increasing energy-based duration; however, threshold improvement varied as a function of stimulus type. N 1-P2 thresholds showed greater improvement for noise versus tonal stimuli, whereas behavioml thresholds showed greater improvement for tonal versus noise stimuli. Likewise, behavioral thresholds showed no effect of risdfall time, whereas N 1-P2 thresholds decreased with increasing risdfdl for a sho~4-ins plateau but not for a longer, 32-ins plateau. Theseresultsdemonstratethat spectrwtemporal parametersdifferentiallyinfluencephysiologicaland behaviod estimatesof signal detection.
INTRODUCTION
Detection thresholds for pure-tone stimuli decrease with increasing stimulus duration on the order of 10 dB per tenfold increase in duration (1) . This trading relation between time and intensity is thought to reflect a process of temporal integration, where the auditory system is able to integrate signal energy over time. Despite numerous psychophysical studies of temporal integration, there is relatively little physiological evidence or explanation for this phenomenon. Single-unit studies in the auditory nerve (2), cochlear nucleus (3), and auditory cortex (4) have provided some evidence for possible correlates of temporal integration in animal models; however, few studies have explored physiological correlates in human subjects.
Although audito~evoked potential techniques offer a non-invasive means for investigating physiological correlates of auditory phenomena, such as temporal integration, few studies have investigated changes in threshold with duration, particularly for noise stimuli. Recent studies from our lab provide empirical evidence for temporal integration in humans such that cortical @1 -P2) evoked-potential thresholds were shown to decrease as stimulus duration increased from 8 to 128 ms. Although the slope of threshold improvement was somewhat steeper than behavioral estimates, the N 1-P2 data were consistent with previous psychophysical and physiological studies showing that threshold improvement was greater for 1000-Hz than 4000-Hz stimuli. It is possible, however, that the differences observed across frequency were due, at least in part, to effects of spectral splatter from the use of brief stimulus onsets and offsets. The main goal of the present study was to explore the possible spectral and temporal influence short-duration stimuli may have on threshold estimates of the N 1-P2 evoked response. In addition, behavioral thresholds were estimated for the same stimulus conditions to determine if the observed effects on physiological measures are correlated with behavioral measures of perception.~T HODS Three normal-hearing, young adults, 21 to 24 years old, participated in the study. All subjects had hearing thresholds of 15 dB HL or better and normal middle-ear function. Evoked-potential testing was conducted in an electrically-shielded, sound-attenuating booth where responses were recorded from Cz, Fpz, and A2 electrode sites, amplified, filtered, digitized and analyzed over a 500-msec window. Responses were recorded for stimuli presented at a rate of 1.1/s, averaged over 100 repetitions with two averaged runs per stimulus condition. Subjects were awake, alert and instructed to read during testing. Behavioral thresholds were estimated in an adaptive two-interval forcedchoice procedure with a three-down, one-up tracking algorithm estimating 79V0detection. The stimuli were generated digitally, attenuated, and presented via insert earphones @tymotic ER-2) to the right ear of each subject for both N1 -P2 and psychophysical testing. Two stimulus types were tested; 1000-Hz tone bursts and gaussian noise bursts, each shaped with cosine-squared ramps. For each stimulus type, four temporal conditions were evaluated; 2-and 16-ins rise/fail times, and 4-and 32-ins plateau durations. The total energy-based durations, estimated for signals with raised-cosine ramps (5), were equal to 4.75 ms, 10 ms, 32.75 ms, 36 ms.
The results for both N 1-P2 and behavioral threshold estimates are reported in Table 1 . Several main effects can be observed in the data. First, although the physiological thresholds were, on average, 12.5 dB (+5.6) higher than behavioral thresholds, both data sets showed improvement as the total energy-based duration increased from 4.75 to 36 ms. N 1-P2 thresholds improved by about 10 dB for tones and 13 dB for noise, whereas behavioral thresholds improved by as much as 9 dB for tones and 7 dB for noise. The behavioral results are consistent with previous studies that have shown less improvement in threshold for noise-burst than tonal stimuli. The larger improvement in N 1-P2 noise versus tonal thresholds may be due to different neural populations giving rise to the response. That is, since the N] -P2 response is cortically generated and many auditory neurons in several cortical regions (e.g., dorsal zone (DZ), anterior ectosylvian SUICUS) are broadly-tuned in frequency, perhaps the evoked response to noise bursts is generated by broadlytuned neurons that have slightly lower thresholds. Recent studies of the cat auditory cortex have shown that many neurons in the DZ respond to noise bursts with long Iatencies and show selectivity for sound duration, thus suggesting an underlying mechanism for temporal integration in the cortex (4). The influence of rise/fall and plateau duration on threshold was notably different between N1 -W and behavioral estimates. While increasing nse/fall time had no significant effect on behavioral thresholds, N 1-P2 thresholds decreased by about 10 dB when rise/fall time was increased for a 4-ins plateau. Interestingly, N 1-P2 thresholds did not change with rise/fal I for a 32-ins plateau. Similarly, as plateau duration increased from 4 to 32 ms, behavioral thresholds improved by about 8 dB for tones and 7 dB for noise, regardless of rise/fall time, whereas N 1-P2 thresholds improved with increasing plateau only for the short rise/fall conditions. Although much of the improvement in behavioral thresholds may be due largely to energy integration with increasing duration, the improvements observed for physiological thresholds appear less related to energy detection. Further study is warranted to explore the mechanisms that may account for the differences between physiological and behavioral estimates of auditory temporal integration.
